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Overview
1. What is ESA?
2. The experience of ESA in Science, Applications and
Technology
3. The lessons learned from 30 years of experience
4. The future in Science, Applications and Technology
5. Conclusions
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1. WHAT IS ESA? (1)
-

17 European states “cooperating in space research and technology and their space
applications, with a view of their being used for scientific purposes and for operational
space applications systems” (Article II of the ESA Convention: purpose)

-

The 3 types of activities of ESA are therefore:
> Science (Space Science, Earth Science, Science in space)
> Operational applications (meteorology, telecommunications, navigation,
environment monitoring, etc.)
> Enablers (access to space, technologies development and demonstration)

-

For operational applications, relevant services are not defined and delivered by ESA,
but by operators created on the basis of ESA developments: Eumetsat (meteorology),
Eutelsat (telecommunications), Galileo concessionaire (navigation), Arianespace
(launchers)

5

1. WHAT IS ESA? (2)

-

ESA is a governmental development organisation, responding to
different customers: governments, scientists, operators and industry.

-

Most of ESA missions are conducted under cooperation with
international partners (NASA, Russia, Japan, China, India etc. and
Canada)

-

ESA policy on satellites is not a policy defined and implemented in
isolation, it depends on type of activities and it has evolved along its 30
years of activities and missions.
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1. THE EVOLUTION OF ESA
-

30 years of experience:
Science (35), Applications (15), Technology (10)
More than 60 satellites
developed and launched
biggest: ENVISAT 8140 kg; smallest: COS-B (280 kg)

-

Evolution of activities / evolution of ESA
> Growing number of Member States
> Progressive development of operational applications
> Restructuring of European industry

-

30 years of success are also an obstacle to changes since it is always difficult to change
recipes which have led to success
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2. THE EXPERIENCE OF ESA: SCIENCE
-

Scientific missions are driven by the research communities, from mission proposal, through
evaluation and recommendation for selection, and including development and exploitation

-

Relevant satellites may have a single payload, or several payloads if simultaneous synergetic
observations are required by the users

-

The programmes are periodically subject to external independent review. The Earth Science
programme was reviewed in 2005. A review of the Space Science programme is ongoing

An external / independent review of the Space Science
programme is ongoing to deliver results in early 2007
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE
−

Driven by user requirements, launcher and
technology capabilities, ESA Space Science
missions have been implemented with
satellites of all sizes

−

ESA’s first satellite COS-B, launched in
1975, was also the lightest 280 kg.

−

It provided the first galactic survey in high
energy Γ-rays

−

Integral, launched in 2002, is ESA’s largest
Space Science satellite to date, 4000 kg

−

30 years after COS-B continues
observations in (lower energy) Γ-rays and
other spectral regions

9

2. THE EXPERIENCE OF ESA: SPACE SCIENCE
−

The Space Science programme has been based on three types of missions: big
(cornerstones), medium and small for proper planning within a 5 year budget
envelope, decided every 3 year.

−

The budget of each type of missions corresponds respectively to 2-3 times, 1 time
and a fraction of the yearly Science Programme budget (350 MEURO)

−

Commonality among different missions (e.g. Venus Express and Mars Express) have
contributed to the optimisation of such concept

−

Combining different classes of missions, exploiting commonality and cooperating with
international partners, the ESA Space Science Programme has been very successful
in meeting the needs of the scientific community and has contributed to put the
European flag high in space
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE
Venus Express
(2005)
1270 kg

Mars Express
(2003)
1225 kg
Rosetta (2004)
3000 kg
Exploiting commonality at
various levels, from Rosetta
to Venus Express, e.g. the
onboard SW
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE
- ESA’s Space Science programme makes extensive use of cooperation with a variety of
international and European partners

The 1850 kg SOHO,
launched in 1995 has
completed 10 years of
successful operations
and continues
observing the sun and
providing early
warning of related
space weather events

The small 318 kg
Huygens sonde left
the 6000 kg Cassini
mother spacecraft
to land on Titan in
2005
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE
- There are today 9 ESA led missions in operation and 3 more include ESA
contributions
- These missions in operation range from small single satellites such as the 367 kg
Ulysses to the 3800 kg XMM or 4000 Kg Integral, and constellations as the 4
satellite Cluster

Ulysses

XMM

Cluster
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE

SMART-1, 2003
367 kg

Double Star, 2003/2004
660 kg (with China)

Mars Express, 2003
1225 kg

A variety of missions, all schemes, all satellite classes
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2. THE EXPERIENCE OF ESA: SPACE SCIENCE

Integral, 2004
4000 kg

Rosetta, 2004
3000 kg

Huygens 2005
318 kg (on Cassini)

Venus Express 2005
1270 kg

A variety of missions, all schemes, all satellite classes
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE
A BETTER UNDERSTANDING OF THE “SYSTEM EARTH”
Objectives:
- Maintain Europe at leading edge of sciences
- Increase use of EO in formulation of public policies
and in the provision of public services
- Foster the development of commercial services
using EO
Implementation:
- EARTH EXPLORER SATELLITES
for science and technology demonstration
- EARTH WATCH SATELLITES
for long-term operational monitoring
- SERVICES and APPLICATIONS
demonstration and international
agreements
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE

‘Focused’ missions
‘Natural’ satellite size

Multi-mission

Standard
platform
The Earth Science programme has been developed in three periods,
> reuse of standard platforms, maximum use of launcher (Ariane-4) capacity, ERS-1 & ERS-2
> Use of multi-mission platform, ENVISAT
> Dedicated platforms, Earth Explorers, science part of ESA’s Living Planet
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE – ENVISAT
THE BIGGEST SATELLITE EVER BUILT IN EUROPE
Dimensions
Launch configuration:
Length 10.5 m, envelope diameter 4.6 m
In-Orbit configuration: 26m x 10m x 5m
Mass
8140 Kg (Payload: 2050 Kg)
10 instruments
3 imaging instruments (optical, radar)
3 atmospheric chemistry instruments
4 instruments related to altimetry
Mission parameters
Launch 1st March 2002
Nominal lifetime: 5 years,
operations expected to last until 2010
Orbit 800 km, sun synchronous
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE – ENVISAT
SYNERGY OF INSTRUMENTS: HURRICANE KATRINA, 2005
Tropical cyclone heat potential (28 Aug. 05)

Wind field
(derived
ASAR:
surface
fromsea
ASAR)

MERIS:
top of the clouds

Figure courtesy of Gustavo Goni, NOAA

Derived from Envisat altimetry and Envisat AATSR data
Merged with other satellite data
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE – ENVISAT
SYNERGY OF INSTRUMENTS: FOREST FIRES, BORNEO 2002

MERIS:
smoke
plumes

AATSR:
fire
hotspots

ASAR:
fire damage
extent

ASAR: fire
damage
extent

20

2. THE EXPERIENCE OF ESA: EARTH SCIENCE
EARTH EXPLORER MISSIONS

SWARM

CryoSat 2

ADM-Aeolus

GOCE

EarthCARE

SMOS
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE
Opportunity CryoSat, 1st EEOM
Missions
Ice thickness cm, altimeter,
(EEOM)
Synthetic Aperture
interferometry
Launch 2005 failed,
CryoSat-2, 2009

2005

2006

2007

SMOS, 2nd EEOM
Soil moisture,
ocean salinity
L-band radiometer,
Synthetic Aperture,
interferometry

2008

2009

Core
Missions
(EECM)
GOCE, 1st EECM
Gravity / geoid
Gradiometer
GNSS receiver

ADM/Aeolus, 2nd EECM
Wind profiles
Doppler wind lidar

Swarm, 3rd EEOM
Best ever survey
electric magnetic fields
Three satellites, low
pair in tandem flight
Magnetometers, EFI,
GNSS receiver

2010

2011

2012
EarthCARE,
3rd EECM
With JAXA
Clouds, radiation,
aerosols
Lidar, radar,
passive
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2. THE EXPERIENCE OF ESA: EARTH SCIENCE
• There are today six user driven Earth Explorer missions in
various phases of development
• The fulfillment of user requirements needs single or multiple
satellite missions (Swarm)
• Satellite sizes range from less than 400 kg, Swarm to nearly
1.5 ton, EarthCARE
• Payloads are single or multiple instrument, e.g. EarthCARE
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2. THE EXPERIENCE OF ESA: APPLICATIONS
-

Operational missions are driven by the operational partner, e.g. Eumetsat for operational
meteorological missions, representing the user communities

-

Implementation is based on single or multiple satellites (e.g. navigation)

-

Operational missions require continuity of services, which results in series of satellites (e.g.
Meteosat 1 to 7, MSG 1 to 4)

-

The optimization of all missions, and in particular of operational missions, takes into account
the complete architecture, space, ground, services, and the complete life cycle

-

Operational missions concern so far
> Operational meteorology, for EUMETSAT, made of geostationary (Meteosat series)
and low Earth orbit (MetOp satellites) components
> Navigation, with the precursors GIOVE-A already launched, GIOVE-B in
development, to be followed by the operational satellites

-

ESA had considerable experiences with operational telecommunication missions,
since OTS, through the ECS and MARECS series
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2. THE EXPERIENCE OF ESA: APPLICATIONS,
METEOROLOGY, GEO COMPONENT
Strictly driven by user requirements, needs and capabilities of the models, the complexity of
the geostationary operational meteorological satellites has increased from the first generation
of the Meteosat Operational Programme (MOP) to the second generation (MSG)
MOP

MSG

- 3 channels imaging radiometer

- 12 channels enhanced imaging
and pseudo sounding radiometer

- 100 rpm spin stabilized body

- 100 rpm spin stabilized body

- Solid apogee boost motor

- Bi-propellant unified propulsion
system

- 200W power demand

- 500W power demand

- 720 kg in GTO

- 2000 kg in GTO

- Flight qualified with Delta 2914,
Ariane 1-3-4

- Design compatibility with Ariane 4
(spelda 10) & Ariane 5
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2. THE EXPERIENCE OF ESA: APPLICATIONS,
METEOROLOGY, GEO COMPONENT
1977

MOP

2002

2015

MTG

MSG

North
or
South

L-band
antenna

Lightning
Imager
UHF patch

Combined
Imager

Main Body

Deep IR-Sounder
Space

X-Band
Antenna
Y

S-Band
Antenna

X
Nadir
Launch Direction
Xs

1 observation mission:
-MVIRI: 3 channels
-Spinning satellite

Zs

Z

Earth

Ys

2 observation missions:
- SEVIRI: 12 channels
- GERB
- Spinning satellite

5 observation missions:
- HRFI: 5 channels
- FDHSI: 22 channels
- Lightning Imager
- Infra-Red Sounder
-3-axis stabilised satellite(s)

The trend continues
The MTG concept calls for two series of 3-axis stabilised, 3 tons satellites

26

2. THE EXPERIENCE OF ESA: APPLICATIONS,
METEOROLOGY, LEO COMPONENT
For the low Earth orbit component, the
EUMETSAT Polar System (EPS), user
requirements called for:

The first 4100 kg METOP satellite is planned
to be launched in October 2006 carrying
- Imager AVHRR
- Optical sounders HIRS and IASI
- Microwave sounders AMSU/ MHS
- Advanced scatterometer (ASCAT)
- GNSS receiver for atmospheric sounder (GRAS)
- Global Ozone Monitoring Experiment (GOME-2)
- Space Environment Monitor (SEM)
- Data Collection System (DCS)
- Search and rescue (SRP/R)

- Coverage, assured by coordination
of US and European MetOp satellites
- Co-located observations of imagers
and sounders, resulting in the
relatively large
The study of the next generation,
post-EPS has started
- Strawman missions have been defined
- Best implementation single large or
multiple smaller satellites will result of
trade-off analysis
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2. THE EXPERIENCE OF ESA: APPLICATIONS,
METEOROLOGY – INCREASING PRECISION

Since the early 1980ies, weather forecast accuracy has been improved significantly. In 2003,
the prognosis for 5 days ahead was as precise as a 3-day weather forecast some years ago.
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2. THE EXPERIENCE OF ESA: APPLICATIONS,
METEOROLOGY – EARLY HURRICANE WARNING

Hurricane Isabel (September 2003)
seen by ENVISAT.
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2. THE EXPERIENCE OF ESA: APPLICATIONS,
TELECOM
Since the launch of the 865 kg OTS-2 in 1978, ESA has launched 8 satellites. Two new
lines Alphabus / Alphasat and the “Small” GEO are under development
OTS-2, 1978

ECS-1 to 4, 1983-1988
MARECS A, B, 1981, 1984
Olympus, 1989
Artemis, 2001

- Experience shows that satellite
mass and power have been
increasing with user demands
- A second trend for “small” (2 tons!)
geostationary satellites has also
emerged
Hurricane Isabel (September 2003)
Small GEO
seen by ENVISAT.

Alphasat
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2. THE EXPERIENCE OF ESA:
TECHNOLOGY DEMONSTRATION
•

•

•
•

•
•

Technology demonstration missions are driven by a variety of objectives
¾Preparing challenging future missions (Smart-1, Lisa Path Finder)
¾In-orbit validation of future operational applications (Giove-A)
¾Strengthening European industry competitiveness for future commercial services (e.g.
telecommunication)
Commonalities among these different missions are manifold
¾Focused but challenging
¾Accepting higher risk
¾Sort development duration and limited cost, and above all
¾Flexibility to trade-off requirements, cost and schedule
They provide opportunities for testing new development approaches, new relations users –
ESA - industry and within the industrial teams
A strong Technical Directorate at ESA is key for stimulating such missions, demonstrating
new concepts and approaches, introducing new potentially disruptive technologies, before
they are used in science and application missions
Recent experience at ESA include Smart-1, Proba-1 and 2 and Giove-A
Though primarily designed and developed for technology / technique demonstration
requirements, all have scientific and application value as demonstrated by the above
missions
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2. THE EXPERIENCE OF ESA:
SMART-1
SMART-1, launched 2003, is the first ESA mission to the moon
The < 370 kg spacecraft demonstrated
- technology, ion propulsion, miniaturised payloads
- techniques and environment, low thrust travel to the
moon, autoguidance, communications, electrical
environment
- development approaches, relation ESA – industrial
teams, reviews
It is providing significant scientific results with its 5 scientific
instruments
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2. THE EXPERIENCE OF ESA:
SMART-1 – ION PROPULSION PAVING THE WAY
- SMART-1 was primarily a technology
demonstrator mission oriented around ion
propulsion. This pushed developments in
the propulsion (Xenon), power (multijunction solar arrays) and satellite
autonomy technologies (8 hour contact/72
hours).
- A transponder development with a novel
X and Ka band was a major achievement.

SMART-1 propulsion.

- Small size was challenging to
accommodate the technologies and
science instruments.
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2. THE EXPERIENCE OF ESA:
SMART-1 – SCIENCE PAYLOAD: 15 KILOGRAMS
SMART-1 science payload, with a total mass of some 15 kg,
features many innovative instruments and advanced technologies:
- AMIE, a miniaturised high-resolution camera for surface imaging
- SIR, a near-infrared point-spectrometer for lunar mineralogy
investigation
- D-CIXS, a compact X-ray spectrometer with a new type of
detector and micro-collimator which provides fluorescence
spectroscopy and imagery of the surface composition
- XSM, an X-ray monitor: measurements of solar X-ray emission
- KaTE, deep-space telemetry and telecommand communications
in the X and Ka-bands
- RSIS, a radio-science experiment relying on KaTE. It monitors
the electric propulsion by means of tracking techniques. In lunar
orbit it also studies the Moon's libration as test run for
BepiColombo.
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2. THE EXPERIENCE OF ESA:
PROBA-1
PROBA-1 (PRoject for On-Board Autonomy), nearly 5 years in-orbit, no
single redundancy engaged

PROBA 1

CHRIS

- The 94 kg spacecraft in SSO included 30 kg of technology experiments
which are currently baselined in some missions under development
- New development techniques were used in PROBA-1, in particular
for the high performance AOCS and the onboard software, with a
factor 10 in estimated manpower savings
- PROBA-1 has also demonstrated research techniques
such as the BRDF for vegetation observations
- PROBA-1 has also demonstrated new
spacecraft operations techniques such as
onboard autonomous orbit determination and
generation of attitude guidance profiles
CHRIS: Venice
PROBA-1 also carries guest payloads, especially
the CHRIS hyperspectral sensor (20 m resolution, 14 km swath)
Today PROBA-1 is exploited for Earth Observation research and
applications
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2. THE EXPERIENCE OF ESA:
GIOVE-A
- The 600 kg spacecraft was developed in record time (less than
30 months) and under tight budget constrains by SSTL as
precursor for the Galileo series of spacecraft.
Launched at the end of 2005 continues operating.
- GIOVE-A is achieving its objectives of
> Securing Galileo frequency filings,
> Validating key technologies such as the rubidium clocks,
> Experimenting with the reception of signals from Medium
Earth Orbit (MEO) orbit,
> Characterizing the MEO environment using two different
radiation monitoring instruments,
> Experimenting with the signal using two transmission
channels in parallel.
- GIOVE-A has demonstrated new approaches to development,
verification and operations, requiring high skilled and motivated
teams on SSTL and ESA side as well as intense and
quick interaction
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2. THE EXPERIENCE OF ESA:
PROBA-2
- PROBA-2, is a 120 kg spacecraft to be launched in 2007 (with
SMOS)
- It will implement advanced platform and payload technology:
> Avionics: miniaturised avionics, LEON-2 processor, new
component technology
> AOCS: new APS based star tracker, star tracker only fast
agile control, Bepi-Colombo star tracker, digital sun
sensor, autonomous orbit determination, two advanced
GPS receivers,
> Power: new Li-ion batteries, solar concentrator
> Actuators: new reaction wheels, resisto-jets, gas
generators
> New detectors for instruments, MEMS cameras
- PROBA-2 will also demonstrate advanced development
techniques
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3. LESSONS LEARNED FROM EXPERIENCE
COLLATERAL ASPECTS OF THE BIG/SMALL DEBATE
The border line between “big” and “small” is very often confused with other aspects
which do not help in optimizing the approach to different requirements, such as:
Big satellites

Small satellites

Governmental Agencies

Private entrepreneurs

Large industrial primes

Small industrial primes

ESA programmes

National progr. in Europe

Big contributors of ESA

Small contributors of ESA

There is some relationship between these different aspects, but the border line is defined
primarily from the customer’s requirements.

38

3. LESSONS LEARNED FROM EXPERIENCE
- There is not a single approach: big or small applicable to all types of ESA missions.
- ESA has developed many small satellites as big satellites to meet the various
requirements of its missions
- Small is not an absolute concept. For the telecommunication satellites, “small”
means 300 kg / 3 kW payload, thus a 2000 kg satellite
- GIOVE-A is small for ESA, big for the prime industrial contractor, SSTL
- “Small” should therefore not be so much a question of size, but a question of
approach as summarized below
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3. LESSONS LEARNED FROM EXPERIENCE
“LIGHT-SAT” APPROACH
“Light-sat” is not a satellite but a special approach applicable to technology demonstration
missions. This approach is characterized as follows:
•
•
•
•
•

Driven by resources as much as by requirements (flexibility for trade-offs is required)
No hard requirements for lifetime / availability
Total cost and development duration are limited
Risks higher than normal are accepted: limited redundancy, cross strapping,
Product Assurance rules are adapted: replace high-rel components, minimum of
paper work
• Procurement rules can be adapted, streamline industry team and build confidence
between customer team and industry team.
• Management rules can be adapted, including relations ESA – industry.
• But inherent higher risk compensated by: implementing a validated safe mode,
respecting robust and transparent design at equipment level, performing E2E
validation tests, and demonstrating robustness to space environment.

The “Light-sat” concept can not be defined in an ECSS-like document, it has to rely more
on experienced and motivated teams.
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3. LESSONS LEARNED FROM EXPERIENCE
“LIGHT-SAT” APPROACH
- The “Light-sat”, though not officially formulated, has been implemented for several years by
ESA and proved to be very useful:
> to demonstrate technology, PROBA-1, SMART-1
> to demonstrate techniques, e.g. agile AOCS, BRDF, long travel with electric propulsion
> to demonstrate new development approaches, e.g. to AOCS design, autocode and
SW verification; new relation with industry
> to improve expertise, FLEVO-Sloshat
> to address specific issues, e.g. GIOVE-A
- New missions are in advanced development, PROBA-2, or in definition, PROBA-3
- The approach has to be further exploited to enable techniques that otherwise could not reach
maturity
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4. THE FUTURE IN SCIENCE
- Space Science: continuation of the big / medium / small approach. However, the trend is
towards lower budget projects due to overall budget constraints (a growing part of the
Science budget is allocated to operations of a growing number of missions launched) and to
maturity (avionics is more and more standard and budget is focused on project specific
technologies). For very high budget, international cooperation is seeked for.
- Earth Science: continuation of the Earth Explorer series towards one mission / year,
6 missions are under development for launch between 2006 – 2012, and 5 more are under
study to become the 7th Earth Explorer
- Exploration:
> Missions to Mars, starting with ExoMars,
with trade-offs between Soyuz class mission
and Ariane-5 class mission
> Preparatory activities to define a European
contribution to a US led Lunar Exploration
Programme
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4. THE FUTURE IN SPACE SCIENCE

Corot, 2006

BepiColombo, 2011

Herschel, 2007
Planck, 2007

Gaia, 2010

JWST, 2011

LPF, 2008

LISA, 2015
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4. THE FUTURE IN APPLICATIONS
- The future in applications will be based on system of systems, integrating different space
systems (Earth observation, telecommunications, navigation) and ground based systems
- GMES (Global Monitoring for Environment and Security) will be the first initiative providing
services based on system of systems, initiative led by the European Commission
- GMES will use national and cooperative missions, EUMETSAT missions and ESA dedicated
missions, the so-called Sentinels.
- The Sentinels are designed to meet the needs of operational users, as collected and
federated by the European Commission.

Sentinel-1
C-band radar
2100 kg, 6 kW, 500 Mbps

Sentinel-2
Multi-spectral
850kg, 700 W, 465 Mbps

Sentinel-3
Multi-spectral and TIR Altimetry
1300 kg, 1.2 kW, 310 Mbps
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4. THE FUTURE IN APPLICATIONS
USERS
Socio-economic
data

Ground
Segment

Service Component
Data Integration & Information Management

EO Data Access Integration Layer

PGS

PGS

PGS

Interoperability

FOS

FOS

FOS

Space
Segment
EUMETSAT

In-Situ
Airborne
Other
non-space
Systems
Existing
In-situ networks
(EIOnet, INSPIRE)

Interoperability

National
Cooperative
Missions

In-Situ Data Access

ESA

Space Component / EO Component

In-Situ
Component
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4. THE FUTURE IN TECHNOLOGY DEMONSTRATION
• In order to make impact in science and to develop new applications,
new and challenging demands will be imposed on research and
operational techniques
• In-orbit experiments will be a means to prepare and demonstrate these
techniques and technologies at a fraction of the cost of the user
missions
• This is the case of the PROBA-3 mission for the demonstration of
formation flying techniques and technology for a wide spectrum of user
missions in Space Science, Earth Science and Applications
• The “Light-sat” approach will be further developed and implemented on
future technology demonstration missions, starting with PROBA-3.
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4. THE FUTURE IN TECHNOLOGY DEMONSTRATION
PROBA-3
- PROBA-3, starting, will consist of two 200 – 250 kg spacecraft to
demonstrate formation flying (FF) as required for future science
and application missions
- It will accommodate a sun-coronograph as guest payload.
- It will demonstrate FF techniques: acquisition, collision
avoidance, precise formation, command and control for
formation, mission and vehicle management and FDIR
- It will develop advanced sensors for absolute and relative
navigation, using RF and optical signals, and advanced actuators
- It will deliver validated development and verification tools and
facilities for future user missions
- It will be implemented using advanced development and AIV
techniques, concurrent and collaborative engineering, virtual
spacecraft technologies
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CONCLUSIONS

• ESA is not synonym to big. Its 30 years of success have been based on a
combination of big and small satellites, each of them designed to respond to
different customer(s)’ requirements.
• ESA activities and approaches have already evolved dramatically, according
to evolution of requirements, technologies and industrial capabilities.
• This evolution will continue and even be accelerated in close connection with
ESA’s customers and international partners.
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